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EXTRACT  10!T  0?  SUGAE  PROF  DRIED  BEETS. 

Tc  understand  the  advantages  and  disadvantages  cf 
this  process,  it  \/ill  "be  necessary  tc  compare  it  v/ith  the 
fi'esh  "beet  process  which  is  nov/  used  in  practically  all 
plants.    Briefly,  the  fresh  beet  process  is  as  follows:   The 
beets  are  washed  to  remove  adliering  dii't,  end  cut  into  slices 
called  cossettes.    A  cossette  is  about  the  size  of  a  pencil, 
3  or  4  inches  long,  and  has  a  V  sha.ped  cro^s  section.    This 
shape  gives  ix  the  raaxinum  strengt'i  and  surface.  These  cdis- 
settes  are  then  placed  in  large  cast  iron  c^lls  called  dif- 
fusors,  and  treated  ^.ith  }iot  ■./ater.    An  average  factory  is 
provided  with  a  series  of  from  10  to  15  cf  these  cells,  kncu'n 
as  the  diffusion  battery.   The  water  passes  t]. rough  each  cell 
in  the  series,  entering  tl-e  cell  containing  b^ets  nearest  to 
exhaustion  and  leaving  through  the  cell  containing  fresl-'J.y 
ciiarged  beets.    By  this  system  juice  of  maximuii  concentration 
is  obtained,  and  the  sugar  is  completely  extracted  from  the 

beet.    The  action  of  the  water  in  t'lis  process  may  be  put 
under  two  jieadings:- 

(1)  In  the  case  of  the  beet  cells  which  have  been  broken 
in  cutting,  the  action  is  simply  lixiviation;   that  is,  the 
dissolving  out  of  the  contents  of  the  ruptured  cells. 

(2)  ^ere  the  cell  v/alls  have  not  been  broken,  the  ac- 
tion becomes  osmotic,  end  since  crystalline  substances  diffuse 
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"by   osmosis   nore   rapidly -than  pltiuminous   substances,    the    re- 
sult   of   this  action   is   the   obtaining   of  a    sugar   solution  of 
higher  purity  than   that    in   the   original  beet   cell.      On  the 
other  hand,    the    solution  obtained  by   lixiYiation   is   of   iden- 
tical purity  v.'ith  the   juice    of   the    original  beet.      This 
point  will   be    referr-ed   to  later   in  the    description   of   the 
dried  beet  process. 

The   purification,    concentration  axid   crystalliza- 
tion of   the  juice   from  the   diffusion  battery,    are   points 
which  will  be   discussed  later. 

The    advantages  and   disadvantages   of   the   fresh  beet 
process  may  be    suminarized   as  follows: 

ADVANTAGES: - 

(a)  A   juice   niay  be    obtained  which   is   of  higher  purity 
than   in   the    original  beet. 

(b)  The   juice    obtained   cannot   be    of  higher  concentra- 
tion than  in   the   beets   the  .iselves.      This   constitutes   an   ad- 
Yanta.ge    in  a   certain  sense,    for  thin  juice    is  easily  handled 
bjr  means   of  pumps,    can  be   easily'"   filtered,    and   for   several 
reasons   sugar  losses  are   reduced. 

(c)  The   grovrth  of  bacteria   is  not    so   rapid    in   thin  as 
in  more    concentrated  juice. 

(d)  The  vicosity  of  thin  juice  being  lov:,  the  rapidity 
of  circulation  in  the  battery  is  increased,  thus  raising  its 
capacity. 

DISADVANTAGES: - 

(a)     Beets  under  favorable    conditions  will    seldom  keep 
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longer  tj;an  3  or  4  months,  thus  limiting  the  period  of  opera- 
tion of  a  plant  to  hut  a  short  tiifie  in  th.e  year,  usually  from. 
Septeniher  15  to  January  15.  This  necessitates  the  plant  ly- 
ing idle  the  rems.inder  of  the  year,  during  which  time  interest 
and  depreciation  charges  accuirjulate.  This  constitutes  the 
most  serious  dra\i:hack  to  the  fresh  heet  process  as  now  in  op- 
eration. 

(b)  With  thin  juice  the  cost  of  evaporation  necessary 
for  crystallization  is  liigh,  constituting  one  of  the  c-reatest 
expenses  in  thisprocess. 

(c)  The  weight  and  hulk  of  the  fresh  beets  is  another 
drawback.  It  has  besn  found  by  exrjerience  the,t  a.  plant  to  be 
successful  must  handle  at  least  200  tons  of  beets  per  day, 

and  the  cost  of  a  plant  of  even  this  capacity  I'eeiuires  a  large 
amount  of  capital.    Plants  are  now  in  operation  i.hich  handle 
2,000  tons  of  beets  per  day.   Almost  as  great  a  disadvantage 
due  to  the  weight  and  bulk  of  the  beets  is  encountered  in  the 
transportation  problem. 

Prom  the  above  considerations  it  will  be  seen  that 
t?ie  principal  objections  to  the  old  process  are:- 

(1)  -  The  shortness  of  the  b.  et  sugar  campaign. 

(2)  -  The  initial  cost  of  the  plant,  and  the  interest 
and  depreciation  charges  v/;ile  it  is  idle. 

It  will  nov7  be  my  endeavor  to  show  that  a  process  involv- 
ing the  use  of  dried  beets  vill  overcome  these  difficulties 
to  a  great  extent,  and  at  the  sarae  time  introduce  advantages 
not  icentioned  above. 

The  process  of  preparing  dried  beets  (as  patented)  is 
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as  follov/s:    Presh  "beets  are  cut  into  cossettes  ideRtlcal 
rith  those  used  in  the  fresh  Toeet  process.    These  are  ple.ced 
on  endless  helts,  and  dried  in  stear-i-heated  kilns,  the  mois- 
ture ccn:ent  being  reduced  from  about  llyo   to  ahout  l/o  on  the 
original  beet  (this  corresponds  to  3  or  ^o   on  the  dried  beet). 
The  dried  cossettes  are  then  ground  bet\;een  corrugated  rolls 
to  about  the  size  cf  wheat,  in  v/hich  condition  it  can  be  sto:/- 
ed  indefinitely  v/ithout  undergoing  any  change  of  irrportance. 

The  cost  of  drying  beets  by  this  process  under 
favorable  conditions  nay  be  as  low  as  15  cents  per  ten.    The 
most  economical  systeri  for  drying  beets  would  be  to  have  the 
kilns  located  in  the  beet  liaising  district  where  the  drying 
would  be  done,  after  whic;'!  the  dried  beets  could  be  shipped 
to  the  factory.   This  v/ould  greatly  reduce  the  cost  of  trans- 
portation.   Since  the  dried  beets  can  be  stored  indefinitely, 
a  plant  operating  on  this  process  could  be  rtm  the  entire  year, 
and  since  the  v:eight  and  biJLk  of  the  beets  he,ve  been  reduced 
about  7  5/0,  the  initial  costs  cf  a  plant  of  a  given  capacity 
per  jrear  would  be  decidedly  less  than  the  cost  of  a  plant  us- 
ing the  fresh  beet  process. 

The  question  now  is,--  Can  sugar  be  extracted  from 
dried  beets  by  an  economical  process.    This  question  has  been 
partially  ansv/ered  by  a  series  of  experiments  v;ith  dried  beets 
carried  on  at  the  Anaour  Institute  of  Technology,  Chicago. 

Results  of  Experiments  v/ith  Dried  Beets. 

Appai-atus:-   This  consisted  of  a  battery  of  five  cells  or 
diffusors  constructed  on  the  principle  cf  diffuscrs  no.;  in 
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actual  operation.    Certain  changes  wex'e,  however,  necessary 
on  account  of  the  difference  in  ^-eneral  c}is,ract;er  loetv/een 
dried  "beets  and  cossettes.    The  accompanying  detail  and  asseni- 
"bly  drav/ingsare  self  explaining.   Th.e  system  of  piping  ernploy- 
ed  is  similar  to  that  used  in  all  viaodern  factories,  -.vith  the 
exception  that  raeans  T/ei'e  not  provided  for  i.ising  warra  v/ater 
in  the  "battery.   The  "beets  in  tlie  cell  rest  on  a  40  mesh  brass 
gauze. 

The  method  of  operation  of  the  hattery  is  as  follows: 
Cell  #1  is  first  filled  ahout  tv;o- thirds  f  i;H  of  v^ater,  v,-'  ich 
is  run  in  from  the  "bottom.    A  charge  of  four  pounds  of  dried 
■b3ets   is  nov7  poured  in  through  t}'ie  upper  manhole  and  the  mix- 
ture is  stirred  a  fev;  times,  or  until  uniform.    The  upper 
manhole  cover  is  now  clamped  in  position  and  more  water  is 
sent  in  at  bottom  o*?  cell  until   the  air  is  conplstely  forced 
cut,  :^ien  tlie   floi/  is  reversed.    On   reversing  the  partly  sat- 
urated juice  froiii  Cell  #1  passes  into  cell  #2,  './here  it  is 
used  in  "mashing"  a  fresh  charge  of  hee'cs.   It  was  first  at- 
tempted to  use  onl\'  the  juice  from  a  pi-eceding  cell  in  "mash- 
ing" the  contents  of  a  fresh  charged  cell,  "bfut  tho   concentra- 
tion "beca^ne  so  great  as  to  interfere  i/ith  cii-ciult^ticn.    We 
therefore  diluted  this  juice  with  about  25/fa  of  fresli  •.;ater, 
which  greatly  improved  the  working  of  the  battery.    Cells  #3, 
#4,  and  #5  are  each  filled  in  turn,  a,lways  from  t2-e  bottom  to 
drive  out  the  air,  after  which  f^e  flow  is  reversed.    As 
soon  as  cell  ^,'^5    is  filled  and  "itiasliod"  the  stop  cock  at  i:s 
lower  end  is  opened  e-nd'  juice  dra..n  off.   The  following  condi- 
tions nov/  exist  in  the  battery:    Water  is  ente-cing  at  the  ton 
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cf  cell  #1,  a.nd  after  rjassin^  do\m  goas  tc  the  top  of  #2. 
In  a  simil-r  aanner  it  passes  t"i;coug}i  cells  #3,  •^  a-nxi.  o,  gradu- 
ally tieccming  more  concentrated.    Since  cell  #1  is  being 
treated  v/it:^  fresh  water  it  v.-ill  ■become  exh.austed  first.    It 
is  then  cut  out  of  the  battery,  discharged,  recharged  and 
heccmes  the  last  cell  in  ti'ie   series.   In  this  way  the  pro- 
cess 1)600-1163  practicell;/  continuous. 

In  the  short  ti-ne  at  our  disposal  the  re^iilts  ob- 
tained v/ere  elenentarj^,  but  they  s"^ov/  quite  cor.ciusiyely 
that  the  process  can  not  only  compete  with  the  fresh  beet 
process,  but  shov;  several  distinct  advantages  over  the  latter, 
na:tiaely ,  - 

(1)  The   charging  of  the  cells  v.lth  dried  beets  can  be 
done  vary  i*ax3idly  as  a  comparatively  small  bulk  of  beets  v/ill 
completely  fill  a  cell  vfhen   t^iey  have  been  allov/ed  to  stand  a 
minute  or  two  in  contact  //ith  v/ater. 

(2)  The  particles  being  much  finer  than  in  the  cossette 
process  the  \,/ater  comes   in  more  intimate  contact  with  the 
beets,  thus  decreasing  the  time  required  for  com^jlete  extrac- 
tion. 

(3)  The  su££s,r  content  of  the  dried  beet  being  in  the 
neighborhood  of  oO/o,  a  juine  of  almost  an;/  concentration  can 
be  obtained.   The  obtaining  of  a  concentrated  juice  means  a 
great  saving  in  f^e  cost  of  evaporation. 

(4)  Since  in  grinding  dried  beets  a  great  lany  of  the 
cells  are  broken,  the  extraction  process  becomes  alm.cst  en- 
tirely one  of  lixiviation  rather  than  osmosis.    liVliether  this 
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is  an  advantage  or  a  disadvantage  remains  to  "be  demonstrated. 

(5)  The    effect   of   drying  loeets   on  xhe     protein  v/hich 
thej    contain   is   important   from  the   standpoint   of  using   the 
exhausted  p\ilp   in  nia;'ing  cattle    feed.         Samples   of   corapletely 
exliausted  dried     "beet  pixLp    sho-ived  9.8u/o  protein,    v/hile   a  sam- 
ple  not   entirely  exliausted  giving  a  liquor  of    .2  Erix  showed 
a  protein  of  10.27;^. 

(6)  The   exliausted  pulp   as   it    ccines   froii  the   diffusor 
contains  ahout   94/o  water   and   6/o   dry   suhstance.      Of   this  ::noist- 
ure   60/O   to    1Qi/o    can  he   removed  hy  pressing,  './hile  with  exliausted 
cossettes  presses  './ork  very  unsatisfactorily/. 

Results   cf  E:;q}eriments  with  Dried  Beets. 

Analys-s  of  Dried  Beets. 

Moisture  -3.94> 

Sucrose  -ol.OOvj 

Protein  7.70;.. 

Ash  3.50;^ 

Ether  Extract  -^^ 

Starch  5.85/o 

Crude  Fiber  4.00^^ 

Undeterfiiined   (non   sugars)  1 5 .  5 o^o 

100.00^^ 

Water  Sol  (Gold  I'Tater)  82.45>a' 

Water  Sol  (Hot    "    )  &4.05;b' 
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Protein  in  Exliausted  Piilp. 
Extracted  to  .0  Brix  9  .  So/ii 

"      "  .2   "  10.27/j 

Exact  data  on  the  tine  raquired  to  complete ly. exhaust  a 
cell  f-all  of  dried  -^eets  was  difficult  to  deter-iine,  since  it 
depends  to  a  great  extent  on  vcrying  conditions,  sucli  as,  the 
temperature  and  pressure  of  the  water  and  the  raiddity  of  cir- 
culation.  A  few  results  are  as  follous: 

May  1,  1908. 

Cell  #1      #2      #3  #4  #5 

Charged       9.00    9.07    9. Id  9.31  10.00 

Exhausted    10.15    11.20   12.05  1.16  2.40 

Time  1.15     2.13    2.49  3.45  4.40 

Recharged    10.42   11.30   12.20  1.25  3.05 

The  above  data  cannot  he  compared  with  similar  data 
froia  a  r-on  with  fresh  hects,  since  v/ith  dried  heetsthe  axaount 
of  heets  treated  per  volume  of  cell,  and  the  concentration 
of  the  juice  ohtainad,  is  much  greater.    Por  exa.iaple,  at 
l:lo  P.  M,  42#  of  juice  had  been  drawa  off,  vrhich  gave  a  Brix 
of  24.2  and  a  purity  of  80.i^-o.    Tliis  v/ould  be  equivalent  to 
about  84#  of  12  Brix  juice  as  would  be  obtained  .:hen  gising 
fresh  boets.   The  additiontil  advantage  of  having  a  juice  of 
high  concentration  riust  be  taken  into  accc^ont. 

May  12,  '08. 
Cell  #1      #2      #3      #4      #5 

Charged       2.11    2.13   2.16     2.24    2.33 
Exiiausted     3.00    3.50    4.25 
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In  alDOve   run  drawing  off  "began   at   2:34  P.    'T.    e.nd 

the  "batterj^  vias    shut   down  at   4:30,    making   the   run  x^ractically 

„  0 

tv/o  hours.      In  this   time   627,^  of  18.6        Brix  juice   "was  dravm 

off  which  had  a  purity  of   61.2,..      This   corresponds   tc   about 

0 
93#  of   a  12        Brix  liquor. 

It    v/illhe  noticed  here   that    cell  #1   becarae    exliausted 

in  less   than   one  hour,    from  which   it    would  appear  that   \/ith 

a  properly  designed  "battery  and   sufficient  water  pressure,    this 

condition  coxld  be  r-iaintained   throughout   the    entire   run.      In 

fresh  beet  practice   the   time   required   tc   exiiaust   a   coll   varies 

from  1-1/4  hrs.    to    2  hrs. 

May  20,  '08. 
Cell  #1      #2      #3      #4      #5 

Charged         10.00   10.04   10.13   10.22   10.28 

Exlnausted       11.14    11.48   12.18    --     --  -- 

c 
74#  of  16.6  Brix  juice  v;as  obtained,  corresponding 

c 
to  about  96ff-   of  12  Brix  juice.    Time  required  to  draw  off 

74-"^  of  juice  was  1  hr.  50  min. 

Data  for  Exhaustion  Curve.        Cell  #1 

Cell   chared   at  10.00  A.    ". 
Time  Brix  ,  Time  Brix 


10.08 

7.0 

10.12 

6.0 

10.16 

4.5 

10.22 

4.0 

10.26 

2.8 

10.30 

2.1 

10.34 

1.7 

10.38 

1.1 

10.42 

1.0 

10.46 

.8 

10.50 

.u 

10.54 

.5 

10.58 

.4 

11. Q2 

.3 

11.06 

.3 

11.10 

.3 
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A   glance   at   these   figures    shows   that   extraction   is 
Tery   rapid   at   first,    but    jrrpduallv   becoining   less   as   the  beets 
become   exhausted.      From   this    it   would    appear  that    extraction 
should    not  be    carried    too  far  at    the   expense    of   time.      By 
not   atteaipting   to    com  )letsly  exhaust    the  be-^ts,    a   great   saY- 
in.c;   in  time    is  accomplished,    and   at    the    saine    time    the    resid- 
ual  sug8,r  does   not   represent   a   complete   loss,    since    it   en- 
riches   the    pulp   as  a  cattle   food,    bringing  a   correspond- 
engly  higher   price. 

Another  point   of    interest    in   this  process   is   the 
fact   that    at   all    degrees    of  exhaustion   of   the   beets   the 
purity    of   the    juice    reraains   constant    at    about   SOfo.      The 
only   possible   explanation   in  my    opinion   is   that   the    action 
of  water   on  dried  beets    is  entirely   one    of   lixiviation   due 
to   the    fact   that    in   drying   and    grinding  the   beets   the   v;alls 
of   the    cells   are    ruptured. 

Purity  Data. 

Observed  Brix     Corrected  Brix  Purity 

1.20  1.20  83.3 

1.50  1.50  83.3 

4.75  4.75  82.1 

19.05  19.45  81.2 

24.20  24.40  80.8 

In  consulting  the  above  data  on  the  extraction  of 
sugar  from  dried  beats,  it  must  be  rsmembersd  that  in  every 
case  cold  v^ater  v/as  used.  There  v;ould  no  doubt  be  many  ad- 
vantages in  the  use  of  hot  water,  but  owing  to  lack  of  time 
it  was  impossible  to  obtain  any  data  on  this  method.   In 
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clcsin£  this  part  of  the  di^jCuss:  en  it  liiay  "be  said  that  the 
dried   heet  process  undouhtedly  offers  decided  advantaf^es 
ever  the  older  process,  the  chief  requirement  heirif^  the  de- 
signing of  copparo.tus  suitable  for  use  v;ith  dried  heets. 
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PEPECATIOJT  AIJT)  CAJOBOIUTIOIT. 

The  treatii;ent  of  the  juice  as  it  cones  fror.i  the 
diffusicn  hattery  is  probably  the  most  important  part  in  the 
manufacture  of  sugar  i'rora  sugar  heets.    TTere   is  v/here  it 
is  deter'-'iined  ^^hether  the  ruanufactuji^e  of  the  suga,r  v/ill  loe 
a  financial  failure  or  success.   Unless  all  labor  saving  de- 
vices az'e  used  an.d  unless  all  other  precautions  are  taken  to 
insure  a  clear,  pure,  and  nearly  neutral  juice  for  the  con- 
centrators, 3ll  kinds  of  difficulties  will  arise  which  vi'ill 
make  the  manufactu: -e  of  sugar  fron  beets  a  cor'nnercial  fail- 
ure.   For  instance,  in  the  first  liming  of  the  xaxi   juice, 
the  lime  must  be  added  in  just  the  right  proportion;   the 
right  temperature  must  be  attained;   and  the  right  length 
of  time  taken,  or  else  a  slimy  juice  '.vill  be  the  result  and 
cost  a  lot  of  labor  and  time  in  filter-pressing.    Or  again, 
in  the  carbonaticn,  just  the  right  alkalinity  must  be  at- 
tained, and  ever  carbonaticn  avoided,  cr  invert  sugar  v/ill 
result,  causing  a  loss  in  sugar  value.    Thus  it  can  be  saen 
that  an  experienced  man  is  needed  to  oversee  these  vital 
operations,  e.   man  v/ho  is  not  only  practical,  but  one  v/hc  has 
a  theoretical  knowledge  of  the  clxemistry  involved  in  sugar 
manufacture. 

V^ith  these  few  preliminary  remarks  I  v/ill  try  to 
explain  in  detail  the  various  operations  through  v/hich  the 
rav;  juice  m.uct  pass  after  it  leaves  the  diffusion  battery, 
and  will  try  to  shov.-  under  v^hat  conditions  the  best  possible 
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juice  may  be  o"btainyd,  to  be  sent  tc  the  ccncentrators. 
First  Liming. 

The  ra\/  juices  coriinrj;  fro."!  the  diffusor  contain  all 
the  substances  vrhic};  v/ere  dissolved  in  the  beet,  and  -./hich 
have  been  extracted  by  diffusion.   Per  100  i^arts  of  sugar, 
tliere  are  2-2-1/2  parts  of  alburaen;   2-1/2-3  parts  of  other 
nitrogenous  riiatter;   1/2-I  part  reducinr^  sugar;   1  part  pen- 
tosaus,  and  .4-. 8  oxalic  acid.    The  inorganic   constituents 
are  cliiefly  potash,  soda,  lime,  magnesia,  phosp]:cric  acid-, 
suJ-pburic  acid,  chlorine,  and.   sraall  araounts  of  otlier  acids 
and  bases.    Tlie  juice  al;;ays  has  an  acid  reaction,  the  e,cid- 
ity  being  about  2  cc.  of  nonnal  acid  end  100  cc,  juice. 

By  liming  or  defecating  both  suspe  ded  I'^atter  and 
most  of  the  non  sugars  t.re  rerii.oved  fro^n  t'^e  juice.    The 
lime  acts  both  inechanic^lly  and  chenicaliy  upon  the  iinpuri- 
ties  contained  in  the  ra\."  juice.   It  acts  C'-smicc-lly  in  pre- 
cipitating and  decoruposing  the  ncn  sugars;  £^nd.   mec}''.anically 
in  ctrryin^;  do\7n  the  suspjended  natter  "..it'i  the  precipita/bcs. 
Cheraically,  the  lirae  neutralizes  tlie  free  cicids  and  acid 
salts,  and  forms  insoluble  salts  of  the  organic  and  inorgsji- 
ic  acids,  principally  phosphoric  and  oxalic  acids,  these 
substances  being  insoluble  in  the  alkaline  juice.   Lime, 
therefore,  acts  as  a  purifying  agent,  and  crianges  the  nature 
of  those  non  sugars  v/jiich  it  does  not  reriove  directly,  so 
that  favorable  conditions  ire  obta,ined  for  further  .vcrhing 
of  the  juices. 

The  best  V7ay  tc  add  t'.-.e  lime  is  as  dry  CAO,  direct 
from  the  lime  kilns,  in  small  luiips,  the  idea  being  a  saving 


c  -       ■  —     t 


.;0i-.:_:;     ^^..Oo    OX' 


in  liine   and   a  quiolcer  action   of  the   li;'i3   upon  the   impurities 
in  the   juioe.        W:\3n   slalcad  li-.ia    is   used  or  liine  noist?ned 
with   "sv/eets"    the   addition   causes   a  lo^/erin^      in  the   te^ixjera- 
ture   of   the   juices  cind  hence   a  loss   of  hsat.        The   eriount   of 
lime  to  he  added  TJlays   a  yery  impcrte,nt   part    in  f-ie  liming 
of   the   juices.      If  too    small    an  a/nount   of  lime    is   used,    some 
of   the   impurities  natui'ally  remain   in   the   juice,    and  the   juice 
is  liahle   to   become   acid,    caasin,?   inversion   of   some   of  the 
sugar.      If   too  much  lime   is  used   a  lot   of  unnecessary  time 
and  a  waste   of   CO2   is   the   res'olt    in   carhonaticn.        We  have 
fourid   that   addiiog   0/0   of   the  original   v/eiffht   of   the  haets,    in 
lime  v.'orks   cut  ;vell.      In   the   extracting-  of   sugar  from  the 
dried  beets  \7e   fig-.xred  as   follows:      Ilultiply  the    w'eight    of 
the   juice     by  the   degrees  brix  (uncorrected);         divide   this 
by  15   and  take   3/o   of  the   \:esult.        In  addin.^   the  lime   the 
juice   should  be   agitated  and  the   lima  added   in  a  flat   la;/er. 
The   temrjerature   at  v;hich  the   juices   should   be   defe- 
cated  is   also   an   important    i'".em.        At    a  temperature  belov/ 

0 

70   C,  some  of  the  lime  is  dissolved  in  >  the  juice,  the  amount 
depending  on  the  temperature.   This  lime  forms  a  monosucrate 
of  calcium  and  is  difficult  to  decompose  even  at  high  temper- 
atures.  At  80   C.  only  about  ,25/o   lime  is  dissolved,  and 
this  shall  aracunt  is  negligible.   Temperatures  about  30  - 
85  C.  are  not  good  for  defecating,  ov/ing  to  the  fact  that 
some  of  the  precipitated  substances  a.re  likely  to  redissolve. 
Only  v/hen  a  bad  lot  of  beets  is  to  be  -.vorked  is  it  advisable 
to  use  a  higJ'Ler  temperature  and  a  larger  per  cent  of  lime. 
So  the  v;orking  temperature  is  from  70*^  -  82^'  C.   We  have  found 
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that  if  the  juice  is  heated  to  70^  and  the  lirae  added  and 
the  temperature  of  the  juice  raised  to  80°  in  about  lo  min- 
utes the  best  results  v/ill  he  obtained  in  defecating. 

Pirst  Carbonation. 
After  the  juices  have  been  treated  with  ILme  they 
must  be  treated  v/ith  some  re  agent  to  precipitate  this  lime. 
Carbon  dioxide  is  no"./  used  univei'sally  and  has  been  found  to 
better  than  'a.ny   of  the  others  which  have  been  suggested. 
The  carbonation  is  carried  on  in  a  tank  v/jiose  height  is  about 
twice  the  diameter.   The  tank  is  fitted  v;ith  perforated  pipes 
for  distributins  the  CO2  f^nd  is  heated  from  below.    Steam 
coils  cannot  be  used  ov/ing  to  the  fact  that  they  quickly 
become  covered  with  a  layer  of  lime  and  thus  absorb  a  large 
amount  of  heat.   No  agitator  is  necessary  as  the  passa,f';e  of 
the  CO2  through  the  juice  thorougbJLy  churns  up  the  latter. 
The  height  of  the  tank  is  very  important  as  there  is  consid- 
erable foaming  in  carbonating,  and  this  is  quite  likel;/  to 
rise  to  a  height  of  fo-or  to  five   feet  abOA'"e  the  surface  of 
the  juice.   A  small  amount  of  oil  or  grease  added  to  the 
juice  prevents  this  foaming  somewhat  and  in  no  manner  affects 
the  juice.   It  is  best  also  to  have  a  large  exit  pipe  above 
the  carbonating  tank,  through  v/hich  the  spent  CO2  may  escape. 

The  process  cf  carbonating  is  sirple.    The  limed 
juice  is  Tan   directly  into  the  carbonation  tank  and  the  juice 
heated  to  85*^  -  88*^  C.    The  CO  is  admitted  slov.ly  at  first 
to  prevent  too  much  foaming,  and  then  faster  until  carbona- 
tion is  complete.    Simple  as  the  process  m£(^^  seem  it  requires 
the  greatest  v/atchf ulness  of  the  man  in  charge.     Spoon 


.i.-   >. i 


-     i-::   i' -■■■    '^ii  '    ,,C0    o-'c    •nni:.:';-'i'-.:;i-3  £&    10' 


:'X(\'0.:    :is.    r 


-16- 

tests  s-iould  iDe  Made  every  tv;o  or  three  minutes  end   Y<hen  the 
"break  is  noticed,  alkalinit;/  tests   shculd  he   'lade  until  the 
right  point  is  reached.   V/hon  carhonation  hegins,  the  lime 
separates  very  slov;ly  from  the  juice,  hut  as  it  proceeds   for 
some  ti:-ae  a  quick  separation  of  the  lime  frora  the  juice  v.'ill 
he  noticed.   Prom  then  on,  the  greatest  care  should  he  taken 
to  insure  against  over  carhonation.   Ovex*  carhonation  v/ill 
cause  an  inversion  of  sorae  of  the  sugar  and  difficulties  in 
f iltei'-pressing.   If  carhonation  has  not  heen  carried  far 
enough  the  juice  will  he  slimy  and  will  quickly  clog  up  the 
pores  of  the  cloths  in  the  filter  press.   The  carhonation 
is  complete  when  the  alkalinity  of  the  juice  has  reached 
.07  to  .09,  and  to  go  helov/  this  is  ixnsafe,  as  the  sugar 
may  invert  if  the  juices  a''e  allov/ed  to  stand  for  any  length 
of  time.   In  regard  to  tiie,  the  juices  s'lculd  never  he  al- 
lo-.;ed  to  stand  for  any  long  period,  as  t'-e  juices  hecome 
sour,  even  if  previously  limed  and  carhonated. 

The  chemical  reactions  occurring  in  the  carhonation 
process  are  not  fully  understood.   When  CO2  is  added,  the 
lime  not  only  changes  to  carhonate,  hut  a  dcuhle  salt  of  the 
sarae  is  formed,   together  \.lth  calciu:n  sucrate  and  some  caus- 
tic lime.    Tliis  caustic  lime  forms  a  gelatinous  preci'^itate 
v/hich  contains  considerahle  sugar  in  the  form  of  lime  sucrates. 
All  these  compounds  are  partly  decomposed  oy  heat  and  dilu- 
tion, and  subsequent  treatment  v/ith  CO2  breaking  them  up  com- 
pletely.  It  frequently  happens,  hov/ever,  that  small  arncunts 
of  these  compounds  are  net  decomposed  and  remain   in  the 
scum,  thus  causing  increased  sugar  loss. 
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Besides  those  reactions  mentioned  there  are  side 
reactions  occurring,  sorae  of  v/hich.  are  favoral^le  and  some 
unfavorable.    A  favorable  reaction  is  the  precipitation  cf 
those  lime  salts  which  are  soluble  in  the  alkaline  juice, 
along  with  the  calciix-u  carbonate.    Then  there  is  the  coagu- 
lation of  the  soft,  sliiny,  inorganic  or  organic  precipitates 
v/hich  were  formed  during  defecation.   The  main  unfavorable 
condition  is  the  fact  that  some  insoluble  line  sucrate  is 
rsjtained  by  the  precipitates  or  scui'as,  but  this  is  s:riall 
and  only  occurs  v/hen  unfavorable  conditions  ensue  in  liming 
and  carbonating. 

Carbonation  of  the  juices  shoixLd  be  completed  in 
about  fifteen  minutes.   Most  of  the  troubles  occurring  in 
the  process  of  carbonation  are  due  to  too  slow  a  saturation 
of  the  juices.   This  is  due  to  many  causes.   A  lean  gas  may 
be  used;   the  pumps  may  \.-ork  badly;   pipes  may  become  clogged 
or  too  much  lime  may  have  been  added  in  defecating.    All 
these  cause  a  lengthening  of  the  duration  of  carbonating. 
The  condition  of  the  raw  beets  has  a  great  deal  to  do  with 
slow  carbonation.   Overripe  or  docayedi  beets  contain  a  lot 
cf  pectic  substances  \.'hich  a^.'-e  extracted  c-long  \;ith  the 
sugar,  and  these  a.T;pear  to  combine  v.lth  the  lime  and  thicken 
the  juice. 

Treatment  cf  Sludge. 
A-fter  the  first  carbcnaticn,  i:he  juice  is  pumped 
under  a  pressure  cf  two  or  three  atmospheres,  to  the  filter- 
presses,  and  here  all  the  precipitates  are  retained  and  form 
what  is  knovm  as  the  "presf;  cake."   This  press  cake   contains 
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8.T:)Gut  40/c.  solids  and  oO/o  juice,  end    this  juice  usually  con- 
tains from  A- 6/0   of  sup;ar,  depending  on  tl-^.e  amount  of  sugar 
in  the  defec&ted  juice,  and  upon  the  amount  of  inscluhle  lime 
sucrate  fcrined.    Therefore  it  is  necessary  to  run  hot  v/ater 
througli  this  cake  and  ohtain  this  juice.    This  sv/eetening 
off  should  T./crk  so  as  to  obtain  the  juice  in  as  concentrated 
fonn  as  possible,  and  tiie  least  possible  amount  of  v/ater 
sh.ould  be  used. 

The  \Yas^'ing  s■^ould  be  done  until  only  about  l/o  of 
sugar  rema,ins  in  the  cake;  belov;  the  value  it  dees  not  pay 
to  v/ork. 

The  diluted  juice  may  be  concentrated  and  added  to 
the  main  buik,  or  m.ay  '-e  mixed  vrith  the  lime  used  for  defe- 
cation.  The  cake  is  then  thrcv.'n  av/av. 
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I'inal  Car'bonation  and  Filtration. 

The  juice  from  the  filter  presses  is  nov,'  sent  "back 
to  the  tanlcs  for  a  second  carhonation.    The  juices  in  pass- 
Inji   through  the  pi'esses  have  coolscl  down  conaiderahly,  and 
are  therefore  sent  through  exi-^aust-steaa  heaters  'which  heat 
the  juice  up  to  9  5-100°  C.    This  second  carhoiiation  is  to 
insure  complete  saturation  of  the  juice  and  to  hring  the 
alkalinity  dovm  to  the  desired  point.    The  hif^h  tempera- 
tiire  used  in  this  second  carhonation  is  to  allov/  the  lime 
still  retained  in  the  juice  to  further  act  upon  the  non 
sugars,  and  to  ii^isure  complete  decomposition  of  any  lime 
sucrate  formed.   The  desired. point  of  alkalinity  has  heen 
the  suhject  for  much  disciission,  some  authorities  claiming 
that  the  juices  should  he  neutral  when  sent  to  tl:e  concen- 
trators.  Classen  claims  that  the  juices  sjioiild  he  alkaline 
.to  the  extent  of  .03-05/^,  ov;ing  to  the  fact  that  alkalinity 
decreases  during  concentration,  and  that  if  the  juices  are 
neutral,  they  v;ill  Toecome  acid  during  the  evaporation,  and 
thus  ca.use  invert  sugar.    The  hest  treatment  is  prohahl;/ 
to  carhonate  the  juices  (second  carbonation)  dovm  to  an 
alkalinity  of  .05,  filter  press,  and  tlien  treat  the  filter- 
ed juices  at  95^  C  v/ith  sulphurous  acid  down  to  .02-. 03. 
The  sulphurous  acid  helps  to  precipitate  the  reyaaining  im- 
purities and  gives  a  clear  straw  colored  juice.    The  juice 
is  then  subjected  to  a  fineJ.  filter-pressing,  some  .aanufac- 
turers  even  filter-pressing  twice  to  insure  a  perfect  fil- 
tration. 

The  juice  is  now  ready  for  the  concentrators. 
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Ccncent rating  and  Boiling. 

The  proper  working  up  of  the   juices  in  the  evapo- 
rators depends  a  great  deal  upon  their  condition  as  tliey 
come  froca  the  presses.   During  evaporation  the  alkalinity 
(if  any)  decreases,  and  if  it  is  too  lev/  at  the  s'c:art,  the 
juices  may  hecorae  slightly  acid  and  inversion  talces  place. 
If,  however,  thej'-  are  of  proper  alkalinity,  there  is  no  inver- 
sion and  in  fact  the  juices  are  improved,  for  at  the  terapera- 
ture  at  ivliich  evaporation  is  carried  on,  the  alkalies  act 
energetically  on  the  non- sugars,  suc}i  as  albuiaens  andanides, 
v/hich  are  not  t'^oro uglily  decomposed  durin-r  defecation.   This 
is  under  the  conditions  that  the  temperature  does  not  rise 
ahove  115*^-120'^  C,  and  that  the  alkalinity  does  not  decrease 
to  neutrality. 

The  advantages  gained  hy  having  the  juice  slightly 
alkaline  v/hen  sent  to  t^^e  evaporators  more  than  offset  t]i_ose 
'by   having  them  neutral,  or  nearly  so;   for,  althou^^h  in  the 
latter  case,  a  clearer  juice  is  obtained,  inversion  is  very 
apt  to  take  place  and  they  hecom.e  darker  in  color.   The  alka- 
linity required  differs  for  different  juices,  depending  upon 
the  condition  of  the  heets  from  \.hich  they  v;ere  o'bta.ined,  hut 
the  value  usually/  lies  hetv/een  .05  and  .l/o. 

The  eva,porators  concentrate  the  juice  up  to  a  density 

_o     0 
of  00  -  60  Brix,  removing  ahout  80/j    of  the  t.ater  present.   A 
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higher  concentration  than  6o  Brix  is  not  econoniceJ.  as  such 
a  hes-vy  syrup  makes  tp.e  vacuum  pan  "./ork  hfa-der. 

An  average  factory  treats  550  tons  of  heets  per 
day,  yielding  ahout  1,375,000^  of  thin  juice  to  he  concen- 
trated.   To  evaporate  such  an  enorriicus  a"^-ount  of  water  with 
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econorn^''  it    is  necessary  that   the  most   efficient    pjid  up-to- 
date  methods   he   used.      Of  course,    hy  using  dried  beets  the 
amount    of  v/ater   to  he   evaporated  will   he    diminished  hy   ahout 
half,    out    that   does  not    a.ffect   t^e   principles   involved.      The 
heat-transference   from  steajii  to   the   hoiling  liquid  in   any 
evapora-tor   is   in  proportion  to: 

1.  -   The    speed  of  the  movement    of  the   liquor   over   the 
he  at  i  n  g   sur  f  ac  e ; 

2.  -    liiversely  as   the  height    of  ;i^iquor   or   the  pressure 
on  the  Zaeating   surface; 

3.  -   The    speed   vvith  v.h.ich  the   steatn  circulates   over 
the  heating   surface;  : 

4.  -   The    speed  and  thorough.ness  with  v/hich   the   condensed 
v/ater   is  taken   av/ay  frora  the  heating   surface; 

5.  -   The    completeness   of  the  vacuum  in  the   evaporating 
chamher; 

6.  -   The   conductivity-   of  the  heating    surface,    that    is, 
its  freedom  from   scale    and  foreign    suhstance; 

7.  -   Inversely'"  as   the  Viscosity  of   the   liquor; 

0,    -   The   temperature    of  the   liquor,   v/hich   depends  upon 
the  pressure   under  which   it   hoils; 

9.    -   The  magnitude   of  the    temperature   drop  hetv/een   the 
steam  and  the  hoiling  liquor. 

Kioltiple-effect    evaporators    (usually  triple   effect) 
v/hich   are  made   to    satisfy  the   ahove   conditions   as  nearly   as 
possible   aa-e  used  for   carr^^ing   on  this  part   of  the  process. 

The    syrup   coming  from,  the  last    effect,    having  a 
densit3'-  of   55  -60  Srix,    is  nov/  heated  to   nearly  100°C 


-22- 

and  carbonated  to  neutrality  or  .03-. 04  allcalinity.   It  is 
nov;  ready  for  the  "strike"  pan,  v/here  .it  is  "boiled  to  grain. 
This  is  an  art  which  is  acquired  only  by  long  practice,  eaid 
a  sugar  "boiler  who  has  heen  used  to  one  kind  of  apparatus 
mscj   get  "bad  results  with  a  nev;  kind. 

Boiling  in  grain  consists  in  forming  the  necessary 
nuniher  of  crystals  and  then  in  further  "boiling  allov/ing 
only  these  particiilar  crystals  to  grow  without  forming  a 
percepti'ble  number  of  new  ones.   As  there  is  no  chemical  or 
physical  test  .which  v/ill  determine  when  the  desired  point  is 
reached,  the  operator  accomplishes  this  by  the  outward  ap- 
pearance of  the  syrup  and  upon  his  judgment  depend  the  yield 
as  well  as  the  proper  ard  efficient  v/orking  of  the  centri- 
fugals. 

In  order  for  e  sugar  solution  to  deposit  crystals 
it  is  necessary  that  it  becom.e  supersaturated,  a,nd  this  is 
accomplished  by  eva.porating  to  a  smaller  volime  while  at  the 
temperature  a.t  which  it  is  saturated.   The  crystals  do  not 
deposit  immediately,  the  rapidity  of  .growth  increasing  with 
the  purity  of  the  solution  and  the  number  of  crystals  £lrea.dy 
present.   An  im.pure  solution  requires  a  longer  time  as  well 
as  a  stronger  supersaturation  to  allo\.  the  crystals  to  grow. 

It  is  essentioJ.  in  obtaining  good  crystals  that 
the  supersaturation,  and  consequently  the  temperature,  shoiild 
be  the  saxne  at  all  points  of  the  crystallising  mass  and  con- 
sequently the  solution,  must  be  stirred  continually,  especial- 
ly when  fresh  syrup  is  added.   The  bubbles  rising  during 
boiling  agitate  it  sufficiently  during  the  intervals  bet\/een 
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the  additions  of  fresh  syrup;  hovever,  in  order  that  the  fresh 
syriip  he   nixed  and  so  not  dissolve  any  crystals  Vv-hich  have 
formed,  it  is  sent  in  a.t  the  "bottom  in  fine  stree::ri.s  and  at  a 
higher  temperature  than  that  of  the  "boiling  mass.   This 
causes  a  grea.t  ni^mber  of  steam  "hu'bhles  to  "be  suddenly  gener- 
ated and  thus  ra.pidly  m_ixes  tine  entering  syrup  with  that  al- 
res.dy   present. 

The  sj-rup  in  the  pan  is  first  teJcen  do'v<"n  to  such  a 
point  thd:  it  is  supersaturated  e.nd  then  the  form.ation  of 
crystals  is  started  "by  the  shod'  produced  "by  a  sudden  intro- 
duction of  new  syrup.   Y/hen  a  sufficient  num."ber  of  cr^  steJLs 
have  formed  the  ""ooiling  is  so  conducted  that  no   new  ones  v/ill 
"be  formed,  hut  these  already"  formed  v/ill  Ireep  on  groviring.   If 
the  syrup  is  introduced  periodically  the  coefficient  of  super- 
satura.tion  is  allov/ed  to  reach  1.2  and  then  enough  syrup  is 
added  to  hring  it  dovm  nearl;,''  to  1.0.   In  no  case  should  it 
"be  allowed  to  drop  helov/  1.0  unless  too  m.any  crystals  have 
been  formed.   By  the  coefficient  of  supersEture,tion  is  m.eaiit 
the  ratio  of  the  an  ount  of  sugar  on  a  definite  axiount  of 
supersaturated  solution  to  the  amount  in  the  same  ajaount'   of 
satiirated  solution  at  the  same  tempera^ture.   After  the  last 
addition  of  syrup  the  super  saturation  coefficient  is  "brought 
up  to  the  required  amount,  depending  on  the  process  of  worlc- 
ing  up  the  "massecuite, "  and  the  partly--  crystallized  mass  is 
then  sent  to  the  crystallizers.   In  order  to  obtain  good 
cr^rstals  it  is  necessary  that  the  boiling  be  conducted  for 
at  least  six  or  eight  hours. 
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T-he   treatment   of   the  partly  ci-ystallized  mass   after 
it   reaches  the    ci-ystallizers   d.eT;ends   uijon  v/hether      it    is   a 
stiff   cr  a  tliin    "rnassecuite.  "        If   stiff   it  must  he  kept 
at   the   teraperature   at   v/hich  it  leaves    tliC  vacuixri  pan  for 
some   time   in  order  that   new  crystals  ma^r  not   form;         if   it 
is   thin,    hov/ever,    it   can   be   cctiled  more   quickly.      After  cccl- 

0 

ing  to  ahout    55      C,    wliich  xakes  from  IB   to   20  hours,    during 
v.'hich   time   it   'las   "been   slowl;/-   stirred,    enough  dilute   sirup 
is   added  to    make   the  r.iass   sufficientl;/  fluid  to    gc    to   the 
centrifugals. 

The  working  of    these   centrifugals  depends  upon     the 
cl'aracter  of    the   crystals;         if   there   are   ■lany  fine   ones 
they  va-ill   forra   a  film,    and   it   ■w'ill   he  iiard  to    re.iiOYe    the 
molasses^        if   tyxey  are  of   the   correct    size  they  v/ill   not 
pack   so   tiglitl;/  but   v/hat    the  mols.sses   is   t>'rcvm  out    quite 
easily.        The  rnassecuite    is   run   into    the   centrifugals  v/hile 
they  are    stationary,    end   after  as  mucii  of  the    sirup   as  pos- 
sible has  been   thro\m  out,    the  layer   of   crystals   is   v.-ash^ed 
vdth   Vauter.        The    sugar   is    then   re:ncved,    being   in  a  v/arm  and 
somewhat   damp   condition.      In  order  to  meJce   the   crystals   of 
about   uniform   size,    and  to   dry  th.em,    the   sugar   is   sent 
through  a  long   rotating   cylinder,    "w/hich   is  Seated.        The 
crystals    are   carried  to   the   top   and    dropped   dc.n  periodical- 
ly,   and  meanv/hils   progress  from  one   end  of  the   cylinder   to 
the   other.        On  disc'^iarging,    the   crystals   are   of     nesLXly 
the   ESine   size   and  s-re   ready  for   storin;-^  cr   s^'ipping. 

The  molasses   coiaing  frora  the   centrifugals   for   the 
first   ti-ne   is  usually   sent    back   and  retreated    .vith  the   t;-.in 
.iuices   in  order  to   obtain  a,  better  yield  of   sugar.        That 


v;hicli   is   not    sufficiently  p-ore    in   sugar   is  not    sent  iDack, 
"bi-it    is  mixed,  v/ith  f^^e   exiiausted  "beets,    '.f  icr,  have  been  dried, 
pressed,    and    sold  as   cattle    food. 
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OTd.  Prix   Terap.    Corr.  Brix.    Polar   Purity   Increase 
25.1        23      20.5  21.4     83.9       -1.6 

After  Sulphuring. 
Juice  Alkalinity 

35//-  .015/0 

OTd.  Prix   Temp.    Corr.  Brix.    Polar   Purity   Increase 
27.7       23.5       28.1         23.3      82.9       -1. 

Juice  going  to  pan. 
Yft.        Brix  at  200   Polar   Calc.  Sugar   Alkalinity 
35#     28.1         23.3       Q.15^/--  .04 

In  Pans 
"Vaccurn  -  Cni.IIg.  Boiling  Point  ^C. 

20  en.  90^ 

Coming  from  Pans. 
Time  of  Cooling    V7t .  of  TTassecuite    3rix. 
4  hrs.  11. 3r;-'  87 o 

After  Centrifugating. 
Ft.  of  Sugar  Purity 

3#  98;i 

Sweet  ^7aters 
Before  Concentrating  After  Concentrating 

¥t.       Erix.  Wt.       Brix. 

22#         6^  6#  22^^ 


Lime  Cake  frora  Filter  Press. 
Wt.  Cake     /a  Sugar      Sugar  loss  in  Cake 
8.5#        1>  .085 


RTOT  -   IIAY  20,  1908. 

74#  Juice  frora  Diffusor. 
Before  Pirst  Liming 
Obs.  Brix    Temp.    Ccrr.   Brix.    Polair.     Purity 
17.1  22.5       17.45  14.1         80.9 

Eirst  Li'iiing. 
Lime  Used   Time  for  liming    Temp,  start    Temp,  finish 
2.5#  15  min.  72^  C.         82'-  C 

Pirst  Carbonaticn 
Time  for  Carbonating  Temp,  start   Temp,  finish 
35  min.  82^  C.  80^  C 

After  Pirst  Carhcn.s.tion 
Juice  Alkalinity 

61#  .07 

OTds.  Brix.   Temp.   Corr.  Brix.   Polar  Purity  Increase 
17.25        27^^         17.88      15.2     85       4.1 

Second  Liming. 
Lime  used   Time  for  liming   Temp,  start   Temp,  finish 
.31#  10  min.  90^  C.  93^  C 

Second  Carhonation 
Time  for  Carloonating  Temp,  start   Temp,  finish 
15  min.  92*^  C.         90^  C. 

After  Second  Carhonation 
Juice  Alkalinity 

51. 5#  .05 

OTds.  Brix  Temp.   Corr.  Brix  Pola.r  Purity   Increase 
21.75       23°  C     22.15      19.2    86.7       1.7 
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After   Sulpii.uring 
Juice  Alkalinity 

47#  .025 

Cbs.    Brix.      Temp.      Corr.      Brix.        Pclar       Purit^'-        Increase 
24.25  23.4  24.65  21.5  87.3  .6 

Juice  crQlnc!-^   to  Pans 
Wt.        Brix.    Pol£i.r.    Calc.  Sugar    Alkalinity 
47#    24.24    21.1         9.91  .025/. 

Juice  in  Pans. 
Vacuum  ca.   Hg.  Boiling  Point 

30  cm.  85C'  C. 

Cominc:  from  Pans 

Time  of  Coolinf^     Wt.  of  Hassecuite    Brix. 
4  hrs.  12.42  91'^ 

After  Centrifugating 
Wt .  Sugar  Pur  i  ty 

4#  98> 

Lime  Calce  from  Filter  Press. 
¥t.  Cake     /o    Sugar     Sugar  loss  in  Cake 
10#         6^o  .  o# 
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Discussion  of  Data. 

A  great  deal  of  time  and  labor  'was  lest  in  carrying 
on  this  v/orlc,  due  to  the  fact  that  crude  and  imperfect  ap- 
paratus v/as  used  in  the  treat-.nent  of  the  juices  coraing  from 
the  diffusors.    The  liming/;  tank  v/as  simply  a  anall  c;rlin- 
drical  sheet  iron  tank,  ahout  2-1/2  ft.  in  diaiaeter  "by   16" 
deep.    The  tank  was  heated  frora  "beneath  hy  tv/o  gas  burners 
and  considerable  tine  was  lost  in  heatinr?:  .-.p  tlie  juices  and 
keepinrr  them  at  the  rifrht  te'aperature.    The  sa  le  tank  v;as 
used  for  carbonatinp;,  an   improvised  1/4"  perforated  pipe 
ccnnectid  to  a  CC2  tank  v/as  simpl3/  placed  in  the  bottom  and 
the  juice  carbonated.   The  tank  v/as  by  far  -coo  slaallcw  for 
carbonating,  the  rapid  pasage  of  CO2  throug!^  the  juices 
causing  considerable  less  in  frothing  and  v;aste  of  the  gas. 
If  the  CO2  was  passed  in  slowly  too  long  a  time  was  taken  to 
complete  the  carbonation.    It  v/111  be  seen  from  the  data 
that  from  35  min.  to  1  hour  and  a  half  was  required,  while 
the  correct  length  of  time  for  carbonating  is   15  rain. 

Although  a  great  raany  runs  v/ere  made  previous  to 
these  t\»"o  set  herein-v/ith,  these  latter  \;ere  tiic  only  ones 
on  \/hich  complete  data  v/as  obtained.   Due  to  imperfections 
in  the  apparatus  used  and  unavoidable  interruptions  &.nd 
delays,  the  results  obtained  from  these  ot]\er  nuinerous  runs 
£.re  hardly  worth  while  embodying  in  this  thesis,  i/ith  the 
exception  of' the  dataobtained  in  diffusion. 

It  v/ill  be  noticed  in  the  first  run  tliat  there  v.^as 
a  decrease  in  purity  after  the  second  carbonation  o.nd   after 
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sulphu.ring.    After  the  first  ca.rljcnaticn  the  -urity  in- 
cres.sed  as  it  should,  the  prchchle  reason  for  the  decrease 
heing  that  the  juice  stood  over  night  hetv/een  the  first  and 
second  carhonaticn  and  scrne  inversion  took  place.    In  the 
second  run  there  v/as  a.  stead;/'  increase  in  the  purity  all  the 
V/'ay  through,  these  juices  being  treated  i-C-unediately  tmd 
taken  through  the  process  ./ith.out  delay. 

Difficulties  arose  in  the  concentrating:  of  the 
juices  cv/ing  to  the  fact  that  'both  concentrating  and  sugar 
boiling  h£d  to  he  carried  on  in  the  sa'-ie  apparatus,  this 
"being  a  single  effect,  and  to  t]ie  fact  that  the  pan  v/as  no- 
of  sufficient  cap)acity  nor  of  correct  design  for  this  './crk. 
The  pan  being  spherical,  frothing  could  hardly  be  prevented 
even  with  the  addition  of  soap  or  butter,  anc!  considerable 
loss  \"cLS   sustained  because  of  this.    Then  again,  there  \/as 
no  means  cf  exa^iiining  the  syrup  so  as  to  deter^uine  the  size 
and  nuiiber  cf  suga,r  crystals  being  fomed.   Another  source 
of  trouble  v/as  in  obtaining  a  vacuum  suff icientl;-  high  to 
prevent  caramelizing  cf  the  sugar.    Due  to  these  difficul- 
ties the  crystals  formed  v;ere  snail  and  v/ere  not  as  lerge 
as  are  obtained  in  sugar  factories.   This  caused  trouble  in 
the  centrifugal  b'/  packing  too  tightly  and  t]-.us  l^indering 
quick  separation  of  the  raolasses  snc    crystals,  and  also  sub- 
sequent v/ashing  cf  the  remaining  molasses  froDi  the  crj^stals. 


